Objectives: It remains unclear to what extent postoperative delirium (POD) affects the incidence of dementia in hip fracture patients, and the methods used to detect delirium and dementia require validation. The aim of this study was to investigate the development of dementia within 3 years of femoral neck fracture repair surgery, with a focus on POD as a potential predictive factor.
Several research groups have investigated the association between delirium and dementia in patients who have suffered a hip fracture. [23] [24] [25] [26] However, the studies have had a variety of methodoligical limitations, such as a small sample size (eg, N = 78), 24 a short follow-up period (eg, 6 months), 25 retroactive delirium diagnosis, 23 heterogenous clinical samples (eg, inclusion of both emergency and elective hip surgery) 23, 26 and no prefracture assessment of dementia. 26 Thus, questions remain regarding the putative association between POD and subsequent dementia. The aim of the present study was to investigate whether POD is a predictor of dementia incidence in patients with a femoral neck fracture within 3 years after hip repair surgery.
2 | METHODS
| Procedures
The present study is part of a larger randomized intervention study conducted between May 2000 and December 2002 and had a 3-year follow up that was ended in 2005. The whole study design is presented in detail elsewhere. 12, 27 The present study cohort is a subsample of 135 of the 199 participants enrolled in the aforementioned intervention study who did not fulfil the DSM-IV 1 criteria for dementia upon their admission. All included patients were at least 70 years old and were admitted to a university hospital in northern Sweden with a femoral neck fracture. Informed consent was obtained from the patient or the patient's next of kin if the patient was cognitively
impaired. The Ethics Committee of the Faculty of Medicine at Umeå
University approved the study ( § 00-137).
The participants received the same treatment preoperatively but were randomized into either standard or intervention postoperative care. If participants in the control group needed further rehabilitation, they were transferred to a general geriatric ward. The intervention program was conducted by staff who were educated about individual care, rehabilitation, an active approach to the prevention, detection, and treatment of postoperative complications, including POD, and an active nutrition program. The staff worked as a team in applying a meticulous investigation, treatment, and rehabilitation program, as described in detail elsewhere. 12, 27 The number of staff providing care was the same for both the intervention and control groups.
| Data collection
The participants were observed daily preoperatively and postoperatively by ward nurses. At least 3 times a day and after each shift documentations were performed in nursing records according to routine procedure, including any symptoms or signs of delirium and changes in the patient's mental state. The patients were also assessed explicitly for cognitive status, depressive symptoms, delirium, morale, hearing and vision, and nutritional status once between 3 and 5 days postoperatively by 2 study nurses (research assistants) who were contracted half-time in the study and trained to carry out the assessments in the 2 wards. Medical and social data were also collected from the participants, relatives, staff, and medical records. The same 2 research assistants re-assessed the participants 4, 12, and 36 months postoperatively in their homes with similar assessments as in hospitalization.
Information regarding prescribed drugs at admission and any complications arising during hospitalization (eg, constipation, sleeping disturbances, and nutritional problems) were obtained from the patients' medical records. Length of stay in the hospital as well as in-hospital, 1-year, and 3-year mortality data were recorded.
| Assessment of delirium
The modified Organic Brain Syndrome Scale (OBS scale; 28) was used to screen for delirium. It consists of a 12-item disorientation subscale and a 21-feature observation confusion subscale. The disorientation subscale is a questionnaire that assesses participants' orientation to time, place, and their own identity (maximum score, 36; higher score indicates worse disorientation). The confusion subscale is designed to reflect various cognitive, phsycotic, emotional, and personality changes and fluctuations in the clinical state including, depressed mood, emotional lability, anxiety, restlessness, agitation, aggressive behavior, delusions/hallucinations, and language/speech disturbances. The confusion subscale is applied through direct observation and interviewing of particiants and caregivers.
Here, the OBS scale was applied to capture symptoms and clinical changes within the prior couple of days. The scale has been shown to have good concurrent validity relative to other delirium assessment instruments 28, 29 and has been used in a variety of settings to diagnose POD. 12, 15, 30, 31 Any delirium-like symptoms and signs within the first 8 postoperative hours were attributed to the immediate effects of peri-operative drugs and not registered as delirium.
| Additional assessments
The Mini Mental State Examination (MMSE) 32 was used to assess participants' cognition. MMSE scores range from 0 to 30 points, with lower scores indicating a worse cognitive state. The MMSE has been shown to have good reliability and construct validity and may be used to assess cognitive changes over time. 33 The presence of depression before hospitalization was determined based on an evaluation of earlier diagnoses in the patients' medical
Key points
• Of 135 patients with a femoral neck fracture and no history of dementia, more than half experienced delirium postoperatively.
• Nearly one third of participants had developed dementia 3 years after the operation, and more than 90% of those who developed dementia had postoperative delirium during hospitalization.
• Postoperative delirium was independently associated with subsequent development of dementia within 3 years, while diabetes seemed to exert a protective effect.
• Patients who develop postoperative delirium after femoral neck fracture should be afforded special attention because this syndrome may be a harbinger of cognitive decline and dementia.
records and current antidepressant prescriptions. Patients were considered to be having depressive symptoms during hospitalization if they were currently being treated with antidepressants and shown to have depressive symptoms on the Geriatric Depression Scale-15
(score > 5 indicative of depressive symptoms) 34, 35 in combination with depressive symptoms being observed and registered with the OBS scale.
The Mini Nutritional Assessment (MNA) 36 was used to assess participants' nutritional status. The MNA has a total score of 30: a score > 24 indicates a well-nourished subject, a score of [17] [18] [19] [20] [21] [22] [23] indicates risk of malnutrition, and a score < 17 is considered indicative of malnourishment or insufficient protein calorie intake. 37 The participants' quality of life, morale, and subjective well-being were assessed with the Philadelphia Geriatric Centre Morale Scale (maximum score, 17; higher score indicates higher morale or better quality of life). 38 Participants who were unable to read 4-mm block letters at a reading distance, with or without glasses, were considered vision impaired.
Hearing was considered impaired if the participant could not hear a normal speaking voice at a 1-m distance, with or without a hearing aid.
2.5 | Diagnosis of delirium, dementia, and depression by the research assistants, and this was performed totally blinded.
In the next step, he read and analysed all documentation in the records with regard to any signs or symptoms indicating delirium for each day. This step was not possible to perform totally blind.
The records we used included documentation from about 6 500 days, and therefore it was difficult for the geriatrician to know the patients' group allocation.
| Statistical analyses
To describe group differences (with vs without POD; with vs without dementia), univariate analyses were performed; Student t test for continuous variables and chi-square tests for categorical data, or Fisher exact tests when the expected count was less than 5. Logistic regression models were used to analyse factors associated with POD and factors associated with development of dementia. For each model, variables with a P-value ≤0.10 were included in regression modelling.
MMSE results (>0.4 Spearman rank correlation coefficient) and neuroleptic agent use (too few events) were not included as factors.
The analyses were conducted in SPSS version 23. A P-value < .05 was regarded as significant.
| RESULTS
Of the 135 participants in the study, 20 (14.8%) had experienced in Table 1 . Preoperatively, participants who had POD tended to be older (83.1 ± 6.1 vs 81.0 ± 6.2, p < 0.001), were more likely to be diagnosed with depression upon admission (41% vs 15%, p < 0.001), and were less likely to have been living independently before sustaining the fracture compared with those who did not have POD (75% vs 90%, P = 0.023, Table 1 ). During the postoperative hospitalization period, relative to participants who did not experience POD, participants who experienced POD had a higher incidence of postoperative complications, ie, constipation (51% vs 32% P = 0.026), sleeping problems (43% vs 25%, P = 0.032), urinary tract infection (24% vs 10%, P = 0.035), and hip luxation (8% vs 0, P = 0.033) and lower MNA (21.8 ± 3.8 vs 24.9 ± 2.6, P < 0.001) and MMSE scores (17.7 ± 6.0 vs 25.0 ± 3.3, P < 0.001), as well as longer average hospital stays (45.2 ± 37.0 vs 23.9 ± 21.0, <0.001, Table 1 ). Logistic regression modelling indicated that depression at the time of admission and postoperative urinary tract infection were independently associated with POD (data not shown).
Follow-up data for these 2 groups collected at 3 time points (4, 12, and 36 months) are compared in Table 2 . At each follow-up time point, surviving patients in the POD group had greater incidences of dementia (13% vs 0%, P = 0.004) and depression (63% vs 25%, P < 0.001), lower MMSE scores (20.4 ± 5.2 vs 26.2 ± 3.5, P < 0.001), and lower MNA scores (22.5 ± 3.9 vs 24.9 ± 3.2, P < 0.001) than surviving patients in the non-POD group. Geriatric Depression Scale scores were similar between the 2 groups at the last follow-up time point, but significantly higher in the POD group than in the non-POD group at the former follow-up time points. Mortality between 12 months and 36 months was greater for the POD group than the non-POD group (28% vs 13%, P = 0.036, but too few deaths in other time periods to analyse). Table 3 . Relative to the no dementia group, the dementia group patients were, on average, older (84.4 ± 6.2 vs 81.1 ± 6.0, P = 0.004), drastically more likely to have experienced POD (91% vs 39%, P < 0.001), more likely to have experienced hyperactive-type POD (61% vs 25%, P < 0.001),
and more likely to have contracted a postoperative urinary tract infection (53% vs 32%, P = 0.017). They also had a longer POD duration, if POD occurred, than those who did not develop dementia A logistic regression analysis showed that POD was significantly associated with development of dementia within 3 years (odds ratio 15.582, confidence interval 2.649-91.640, P = 0.002), while participants with diabetes seemed to have a reduced risk (odds ratio 0.244, confidence interval 0.065-0.919, P = 0.037, Table 5 ). None of the other analysed factors were found to be significantly related to dementia diagnosis.
| DISCUSSION
In this study, nearly a third of 135 patients who suffered a hip fracture with no prior history of dementia developed dementia within 3 years of hip repair surgery, among whom 91% had experienced POD during hospitalization. A logistic regression model showed that POD was independently associated with the development of dementia within 3 years, whereas diabetes emerged as a negative predictor of dementia. Notably, POD was associated with an increased 3-year mortality rate.
The present results are consistent with prior reports suggesting that that POD is a strong predictor of later dementia in hip fracture patients. 23, 24, 26 However, there are some methodological differences between these studies. Lundstrom et al 24 employed similar assessments for both delirium and dementia as the present study, but had a smaller cohort and a longer follow-up period (5 years). Five years after the operation, they found that 30/78 patients (38%) were diagnosed with dementia, including 20/29 (69%) who had POD and only 10/49 (20%) who did not. In the present study, 43/135 participants (32%) were diagnosed with dementia by 3 years after the operation; 91% of the patients in the dementia group had experienced POD whereas only 39% of the patients in the no dementia group had experienced POD. In a prospective study of 106 elderly hip fracture patients without prefracture dementia, Krogseth et al 25 found that of 29 patients who experienced delirium, 11 (37%) fulfilled the criteria of dementia after 6 months, compared with 5/77 (7%) Abbreviations: Hyper, hyperactive; hypo, hypoactive; POD, postoperative delirium; postop, postoperatively; preop, preoperatively; SD, standard deviation.
Significant P values are in bold typeface.
without delirium (P < 0.001), and further found that delirium was a strong predictor of dementia after 6 months. Their study had a far shorter follow-up period than the present study, and they assessed Significant P values are in bold typeface. population-based study of 199 non-demented very old subjects (≥85 years old), 13/20 subjects (65%) with delirium at baseline were found to have dementia 3 years later. 40 In yet another populationbased study of an elderly cohort, delirium emerged as a strongly significant risk factor (8-fold increased risk) for dementia. 41 Here, we observed an association between POD duration and subsequent development of dementia in our univariate analysis, but this association was not significant in the regression model. A similar association has been reported for non-hip-fracture patient populations. 42, 43 Altogether, these studies identify delirium as an important risk factor for dementia, although a causal mechanism underlying this association has yet to be established.
A number of research groups have examined a potential association between POD and subsequent cognitive impairment, rather than a diagnosis of dementia per se. These studies reported that POD following hip surgery was associated with subsequent cognitive impairment. [6] [7] [8] [9] [10] [11] 26, 44, 45 These studies had a variety of methodological limitations, such as using telephone interviews for follow-up assessments, 8 a small study sample, 44 a short (4-6 months) follow-up period, 7, 11, 45 and inconsistent age criteria precluding direct inter-study comparisons. 9, 10 Hence, more research with standardized methods, large samples, and similar long follow-up periods is needed.
Our finding that diabetes was associated with a reduced risk of dementia was surprising given that previous studies have shown diabetes to be a positive risk factor for dementia, 24, 46 although this association has been suggested to be less evident among people over 85 years old. 47 Notwithstanding, one prior prospective communitybased cohort study showed that diabetes was not an independent risk factor for dementia. 48 Conversely, another study showed that patients with both dementia and diabetes had slower cognitive decline than patients with dementia only and that non-demented patients with diabetes did not exhibit cognitive impairment relative to non-diabetic non-demented controls. 49 Because the present study sample included few participants with diabetes, and some of those in our cohort died during the follow-up period, it was not possible to conduct a meaningful statistical evaluation of the relative incidence of dementia in diabetics as a subgroup. Hence, the emergence of this association in our results should be interpreted with caution.
The present finding that more participants with POD, relative to those without POD, had died by the 3-year follow-up time point is consistent with prior findings. 24, 26 However, one recent study found no association between POD following hip fracture surgery and mortality after adjusting for cognitive impairment severity as determined by the IQCODE. 50 It should be noted that very old patients with multiple comorbidities may be particularly vulnerable to any postoperative complication, including delirium. These patients should be afforded special attention when hospitalized to prevent complications.
| Strengths and limitations
A noteworthy strength of this study is that cognitive assessments were conducted on several occasions (baseline as well as 4, 12, and 36-month follow-ups). Additionally, delirium and dementia diagnoses were made with standardized criteria by one physician who was a specialist in geriatric medicine.
This study has the limitation of not having included preoperative cognitive testing. Cognitive testing was conducted only one time during hospitalization. Secondly, the presence of preoperative delirium was based solely on nurse documentation.
| CONCLUSION
Postoperative delirium is a strong predictor of subsequent development of dementia in elderly patients recovering from hip fracture repair surgery. Patients who develop POD after femoral neck fracture should be monitored closely for potential cognitive decline and dementia.
